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Washington State
Department of Transportation T 176

WSDOT FOP For AASHTO T 176'
Plastic Fines in Graded Aggregates and Soils by Use of the Sand Equivalent Test

L.

SCOPE

1.1

1.2

1.3

This test is intended to serve as a rapid field test to show the relative proportions of fine
dust or claylike material in soils or graded aggregates.

The following applies to all specified limits in this standard: For the purpose of determining
conformance with these specifications, an observed value or a calculated value shall be
rounded off “to the nearest unit” in the last right-hand place of figures used in expressing
the limiting value, in accordance with R 11, Recommended Practice for Indicating Which
Places of Figures Are to Be Considered Significant in Specified Limiting Values.

The values stated in English units are to be regarded as the standard.

1.4 Refer to R 16 for regulatory information for chemicals.

APPARATUS

2.1

A graduated plastic cylinder, rubber stopper, irrigator tube, weighted foot assembly, and
siphon assembly, all conforming to their respective specifications and dimensions shown

in Figure 1. Fit the siphon assembly to a 1 gal (4-L) bottle of working calcium chloride
solution (see Section 2.8) placed on a shelf 36 = 1 in. (915 = 25 mm) above the work surface.
In lieu of the specified 1 gal (4-L) bottle, a glass or plastic vat having a larger capacity may be
used provided the liquid level of the working solution is maintained between 36 and 46 inches
(915 and 1170 mm) above the work surface. (See Figure 2.)

Apparatus

Figure 2

Note 1: An older model of weighted foot assembly has a guide cap that fits over the upper
end of the graduated cylinder and centers the rod in the cylinder, and the foot of the assembly
has a conical upper surface and three centering screws to center it loosely in the cylinder. The
older model does not have the sane reading indicator affixed to the rod (Figure 1), but a slot in
the centering screws of the weighted foot is used to indicate the sand reading. Apparatus with
the sand reading indicator (Figure 1) is preferred for testing clayey materials.

Note 2: Glass or stainless steel may be substituted as a material type for the copper siphon
and blow tubing.

'This FOP is based on AASHTO T 176-00.
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LIST OF MATERIAL
A - —
No. Heat
Assembly Res. Descnption Stock sice Matenal Treatment

SIPHON ASSEMBLY

1 Siphon Tube G4 dis X 400 Copper Tube

2 Siphon Hose 45 1.D. X 1220 Rubber Tube

3 Blow Hose 48 1D. X 50.8 Rubber Tube

4 Blow Tube 6.4 dia X 508 Copper Tube

5 Two-Hole Stopper NO. 6 Rubber

6 Irrigator Tube 6.4 0.D. 0.89 Wall X 500 Stainless Steel Tube, Type 316

7 Clamp Pincheack, Day, BKH No. 21730 or Equiv.

GRADUATE ASSEMBLY

8 Tube 381 0.D X 430 Trans. Acrylic Plastic

9 Base 127 X 102 X 102 Trans. Acrylic Plastic
WEIGHTED FOOT ASSEMBLY

10 Sand Reading Indicalor 6.4 dia. X 14.9 Nylon 101 Type 66 Annealed

11 Rod 6.4 dia. X 4382 Brass

12 Weight 50.8 dia. X 52.78 C.R. SH.

13 Roll Pin 0.16 dia. X 12.7 Steel

14 Fool Q.16 Hex. X 13.7 Brass

15 Solid Stopper No. 7 Rubber

Notes:

T 176

2.2

23
24
2.5

2.6

1. “C” Mounted Foot Assembly to weigh 1000 + 5 g.

T176

2. Graduations of graduate to be 2.54 mm apart and every tenth mark to be numerically
designated as shown. Every fifth line should be approximately 9.5 mm long. All other
lines should be approximately 5.5 mm long. Depth to be 0.4 mm. Width to be 0.8 mm

across the top.

3. Accuracy of scale to be £ 0.25 mm. Error at any point on scale to be £ 0.75 mm of
true distance to zero.

4, Glass or stainless steel may be substituted as a material type for the copper siphon
and blow tubing.

FIGURE 1 Sand Equivalent Apparatus (continued)

A tinned measure, having a capacity of 3 0z (85 + 5 mL), approximately 2.25 in.
(57 mm) in diameter.

A wide-mouth funnel approximately 4 in. (100 mm) in diameter at the mouth.
A clock or watch reading in minutes and seconds.

A mechanical shaker having a throw of 8.00 + 0.04 in. (203.2 £ 1.0 mm) and operating at
175 £+ 2 cycles per minute (2.92 + 0.03 Hz) (Note 2). Prior to use, fasten the mechanical
sand equivalent shaker securely to a firm and level mount.

Note 2: The mechanical shaker shall be used when performing referee sand equivalent
determinations. Either the mechanical or manually operated shaker should be used in
lieu of the hand method whenever possible.

A manually operated shaker capable of producing an oscillating motion at the rate of 100
complete cycles in 45 + 5 seconds, with a hand-assisted half stroke length of 5.0 £ 0.2 in.

July 2003
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2.7 Stock Solution — The materials listed in 2.7.1, 2.7.2 or 2.7.3 may be used to prepare the stock
solution. If the use of formaldehyde as the biocide is of concern, the materials in 2.7.2 or 2.7.3
should be used. A fourth alternative is not to use any biocide provided the time of storage
of stock solution is not sufficient to promote the growth of fungi.

2.7.1 Stock solution with formaldehyde.

2.7.2

273

2.7.1.1
2.7.1.2
2.7.13
2.7.14

Anhydrous Calcium Chloride, 1.0 1b (454 g) of technical grade.
USP Glycerin, 2050 g (1640 mL).
Formaldehyde, (40 volume % solution) 47 g (45 mL).

Dissolve the 454 g (1.0 Ib) of calcium chloride in '/, gal (1.89 L) of distilled
water. Cool and filter it through ready pleated rapid filtering paper. Add the
2050 g of glycerin and the 47 g of formaldehyde to the filtered solution,
mix well, and dilute to 1 gal (3.78 L).

Stock solution with glutaraldehyde.

2.7.2.1

2722
2.7.23
2724

Calcium Chloride Dihydrate, 1.27 1b (577 g) of A.C.S. grade.

Note 3: A.C.S. grade calcium chloride dihydrate is specified for the
stock solution prepared with glutaraldehyde because tests indicate

that impurities in the technical grade anhydrous calcium chloride

may react with the glutaraldehyde resulting in an unknown precipitate.

USP Glycerin, 2050 g (1640 mL).
1.5-Pentanedial (Glutaraldehyde), 50% solution in water 59 g (53 mL).

Dissolve the 577 g (1.27 1b) of calcium chloride dihydrate in '/, gal (1.89
L) of distilled water. Cool and add the 2050 g of glycerin and the 59 g of
glutaraldehyde to the solution, mix well, and dilute to 1 gal (3.78 L).

Note 4: 1.5 pentanedial, also known as glutaraldehyde, glutaric dialdehyde
and trade name UCARCIDE 250, may be obtained as Glutaraldehyde
Solution 50%.2

Stock solution with Kathon CG/ICP.

2.7.3.1
2.7.3.2
2733
2734

Calcium Chloride Dihydrate, 577 g (1.27 1b) of A.C.S. Grade.
USP Glycerin, 2050 g (1640 mL).
Kathon CG/ICP, 563 g (53 mL).?

Dissolve the 1.27 1b (577 g) of calcium chloride dihydrate in '/, gal (1.89 L)
of distilled water. Cool and add the 2050 g of glycerin and the 63 g of Kathon
CG/ICP to the solution, mix well and dilute to 1 gal (3.78 L).

2Available from Aldrich Chemical Company, P.O. Box 2060, Milwaukee, W1 53201 or Fisher Scientific,
711 Forbes Ave., Pittsburg, PA 15219

3Kathon CG/ICP may be obtained from Rohm and Hass Chemical Company, Independence Mall West,
Philadelphia, PA 19105

T 176
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4.

T 176

2.8

2.9

T 176

Working calcium chloride solution: Prepare the working calcium chloride by diluting one
measuring tin full 3 oz. (85 = 5 mL), or from a graduated cylinder of the stock calcium chloride
solution to 1 gal (3.8 L) with water. Use distilled or demineralized water for the normal preparation
of the working solution. However, if it is determined that the local tap water is of such purity
that it does not affect the test results, it is permissible to use in lieu of distilled or demineralized
water except in the event of dispute. Record the date made on the gallon bottle. Working
solutions more than 30 days old shall be discarded.

A straightedge or spatula, suitable for striking off the excess soil from the tin measure.

2.10 A thermostatically controlled drying oven capable-of maintaining-atemperature-of 2360+9°F

H6+5°C)—, or other suitable sources of heat may be used, such as an electric or gas hot
plate, electric heat lamp, or a ventilated microwave oven.

2.11 Quartering or splitting cloth, approximately 2 ft square, nonabsorbent material such as

plastic or oil cloth.

2.12 Operational Handle for Irrigation Tube — A 25-mm diameter wooden dowel to aid in

pushing the irrigation tube into firm materials. See Figure 1, Assembly B.

CONTROL

3.1

The temperature of the working solution should be maintained at 72 + 5°F (22 + 3°C) during
the performance of this test. If field conditions preclude the maintenance of the temperature
range, frequent reference samples should be submitted to a laboratory where proper
temperature control is possible. It is also possible to establish temperature correction

curves for each material being tested where proper temperature control is not possible.
However, no general correction curve should be utilized for several materials even within a
narrow range of sand equivalent values. Samples which meet the minimums and equivalent
requirement at a working solution temperature below the recommended range need not be
subject to reference testing.

SAMPLE PREPARATION

4.1

4.2

43

The sand equivalent test shall be performed on soils or graded aggregate materials passing

the No. 4 (4.75-mm) sieve. All aggregations of fine-grained soil material shall be pulverized to
pass the No. 4 (4.75-mm) sieve, and all fines shall be cleaned from the particles retained on the
No. 4 (4.75-mm) sieve and included with the material passing the No. 4 (4.75-mm) sieve.

Split or quarter enough of the original sample to yield approximately 1,000 g, slightly more
than eight 3 0z (85 mL) tin measures of material passing the No. 4 (4.75-mm) sieve. Use
extreme care to obtain a truly representative portion of the original sample (Note 5).

Note 5: Experiments show that as the amount of material being reduced by splitting
orquartering is decreased, the accuracy of providing representative portions is redteed
decreased. It is imperative that the sample be split or quartered carefully. When it appears
necessary, dampen the material before splitting or quartering, to avoid segregation or loss
of fines.

Prepare the-desirednumber-of two test samples by one-of the following method methods:

4.3.1.1 Split or quarter enough material from the portion passing the No. 4 (4.75-mm)
sieve to fill the 30-0z (85-mL) tin measure so it is slightly rounded above the
brim. While filling the measure, tap the bottom edge of the tin on the work
table or other hard surface to cause consolidation of the material and allow

July 2003 T 176
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the maximum amount to be placed in the tin. Strike off the tin measure level
full with a spatula or straightedge. For the second determination, remix the
sample, quarter and fill the tin again.

4.3.1.2 Dry the test sample to constant mass at230—-+9°F-116-+5°C); and cool
to room temperature before testing.

T 176 July 2003 T176
Page 7 of 14
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Tapping bottom of cylinder

PROCEDURE

5.1 Start the siphon by forcing air into the top of the solution bottle through the bent copper, glass,
or stainless steel blow tube while the pinch clamp is open. The apparatus is now ready for use.

5.2 Siphon 4.0 £ 0.1 in. (101.6 £ 2.5 mm) of working calcium chloride solution into the plastic
cylinder. Pur the prepared test sample from the measuring tin into the plastic cylinder using the
funnel to avoid spillage. (See Figure 3). Tap the bottom of the cylinder sharply on the heel of
the hand several times to release air bubbles and to promote thorough wetting of the sample.

Figure 3

5.3 Allow the wetted sample to stand undisturbed for 10 £ 1 minute. At the end of the 10-minute
soaking period, stopper the cylinder, then loosen the material from the bottom by partially
inverting the cylinder and shaking it simultaneously.

5.4 After loosening the material from the bottom of the cylinder, shake the cylinder and contents
by any one of the following methods:

5.4.1 Mechanical Shaker Method {Reference-Method) — Place the stoppered cylinder in the
mechanical sand equivalent shaker, set the timer, and allow the machine to shake the
cylinder and contents for 45 £ 1 second.

5.4.2 Manual Shaker Method — Secure the stoppered cylinder in the three spring clamps on
the carriage of the hand-operated sand equivalent shaker and reset the stroke counter to
zero. Stand directly in front of the shaker and force the pointer to the stroke limit marker
painted on the backboard by applying an abrupt horizontal thrust to the upper portion
of the right hand spring steel strap. Then remove the hand from the strap and allow the
spring action of the straps to move the carriage and cylinder in the opposite direction
without assistance or hindrance. Apply enough force to the right hand spring steel strap
during the thrust portion of each stroke to move the pointer to the stroke limit marker by
pushing against the strap with the ends of the fingers to maintain a smooth oscillating
motion. The center of the stroke limit marker is positioned to provide the proper stroke
length and its width provides the maximum allowable limits of variation. The proper
shaking action is accomplished only when the tip of the point reverses direction within
the marker limits. Proper shaking action can best be maintained by using only the
forearm and wrist action to propel the shaker. Continue the shaking action for 100
strokes.

July 2003 T 176
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5.5

5.6

T176

Manually-operated shaker
Figure 4

Hand shaking

Figure 5

Following the shaking operation, set the cylinder upright on the work table and remove the
stopper.

Irrigation Procedure — Insert the irrigator tube in the cylinder and rinse material from the
cylinder walls as the irrigator is lowered. Force the irrigator through the material to the bottom
of the cylinder by applying a gentle stabbing and twisting action while the working solution
flows from the irrigator tip. This flushes the fine material into suspension above the coarser
sand particles, (See Figure 6.) Continue to apply the stabbing and twisting action while flush-
ing the fines upward until the cylinder is filled to the 15-in. (381-mm) mark. Then raise the
irrigator slowly without shutting off the flow so that the liquid level is maintained at above

15 in. (381 mm) while the irrigator is being withdrawn. Regulate the flow just before the
irrigator is entirely withdrawn and adjust the final level to 15 in. (381 mm). Final level as
judged by the bottom of the meniscus shall be between the top two gradations on the tube
but shall not be above the 15-in. (381-mm) level.

July 2003 T176
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5.7

5.8

59

T 176

Irrigation

Figure 6

Note 7: For certain soils, particularly on crushed materials, the stabbing action may not
be possible. For these materials, the irrigation technique is as follows: Continue to apply
a twisting action as the irrigation tube is slowly withdrawn. As the tube is withdrawn, it
is essential that as many fines as flushed upward until the cylinder is filled to the 15-in
(381-mm) mark.

Allow the cylinder and contents to stand undisturbed for 20 minutes + 15 seconds. Start
the timing immediately after withdrawing the irrigator tube

At the end of the 20-minute sedimentation period, read and record the level of the top of the
clay suspension. This is referred to as the “clay reading.” If no clear line of demarcation has
formed at the end of the specified 20-minute sedimentation period, allow the sample to stand
undisturbed until a clear reading can be obtained, then immediately read and record the level
of the top of the clay suspension and the total sedimentation time. If the total sedimentation
time exceeds 30 minutes, rerun the test using three individual samples of the same material.
Read and record the clay column height of that sample requiring the shortest sedimentation
period only.

After the clay reading has been taken, the “sand reading” shall be obtained by one of the
following methods:

5.9.1 When using the weighted foot assembly having the sand indictor on the rod of the
assembly, place the assembly over the cylinder and gently lower the assembly toward
the sand. Do not allow the indicator to hit the mouth of the cylinder as the assembly is
being lowered. As the weighted foot comes to rest on the sand, tip the assembly toward
the graduations on the cylinder until the indicator touches the inside of the cylinder.
Subtract 10 in. (254 mm) from the level indicated by the extreme top edge of the
indicator and record this value as the “sand reading.” (See Figure 7.)

July 2003 T 176
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Clay reading

Figure 7

5.9.2 If an older model weighted foot assembly having centering screws is used, keep one of
the centering screws in contact with the cylinder wall near the graduations so that it can
be seen at all times while the assembly is being lowered. When the weighted foot has
come to rest on the sand, read the level of the centering screw and record this value as
the “sand reading.”

5.10 If clay or sand readings fall between 0.1-in. (2.5-mm) graduations, record the level of the
higher graduation as the reading. For example, a clay reading of 7.95 would be recorded as 8.0,
and a sand reading of 3.22 would be recorded as 3.3.

6. CALCULATIONS

6.1 Calculate the sand equivalent (SE) to the nearest 0.1 using the following formula:

Sand Reading x 100
Clay Reading

SE =
6.2 If the calculated sand equivalent is not a whole number, report it as the next higher whole
number, as in the following example:
SE = 38_3 x 100 = 41.25
which is reported as 42.
6.3

is-desired-to-averageasertesof sand-equivalent vatues,average: Average the whole

number values determined as described above. If the average of these values is not a
whole number, raise it to the next higher whole number, as in the following example:

Calculated SE values: 41.2, 43-8, 40.9
After raising each to the next higher whole number, they become: 42, 44, 41.
The average of these values is then determined:
42 + 44 + 41
—35 423

If the two results from the same SE sample vary by more than 8 points, the test shall be invalid
and a new test completed.

T 176 July 2003 T176
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6.3.1 Since the average value is not a whole number, it is raised to the next higher whole
number and the reported averages and equivalent value is reported as 43 42.
Report the results using WSDOT Form 350-161 EF, 422-020X. or other report approved
by the State Materials Engineer.

PRECAUTIONS

7.1

7.2
7.3

7.4

Perform the test in a location free of vibrations; vibrations may cause the suspended material to
settle at a rate greater than normal.

Do not expose the plastic cylinders to direct sunlight any more than is necessary.

Removal of Organic Growth: Occasionally it may be necessary to remove an organic growth
from the working calcium chloride solution container and from the inside of the flexible
tubing and irrigator tube. This organic material can easily be seen as a slimy substance in the
solution. To remove this growth, prepare a cleaning solvent by diluting sodium hypochlorite'
with an equal quantity of water. Fill the solution container with the prepared cleaning solvent,
allow about a liter of cleaning solvent to flow through the siphon assembly and irrigator tube,
then place the pinch clamp on the end of the tubing to cut off the flow of solvent and to hold
the solvent in the tube. Refill the container and allow to stand overnight. After soaking, allow
the cleaning solvent to flow out through the siphon assembly and irrigator tube. Remove the
siphon assembly from the solution container and rinse both with clear water. The irrigator tube
and siphon assembly can be rinsed easily by attaching a hose between the tip of the irrigator
tube and water faucet and backwashing fresh water through the tube.

Occasionally the holes in the tip of the irrigator tube may become clogged by a particle of
sand. If the obstruction cannot be freed by any other method, use a pin or other sharp object to
force it out, using extreme care not to enlarge the size of the opening.

OPERATOR QUALIFICATIONS
WSDOT has deleted this section see Section 9-5.5 of the Construction Manual.
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Performance Exam Checklist

Plastic Fines in Graded Aggregates and Soils by the Use of the Sand Equivalent Test

FOP for AASHTO T 176

Participant Name Exam Date
Procedure Element
Sample Preparation
1. The tester has a copy of the current procedure on hand?
2. All equipment is functioning according to the test procedure,
and if required, has the current calibration/verification tags present?
3. Temperature of working solution 72+5 F (22 £3°C)?
4. Working calcium chloride solution 36 + 1 in. (915 mm + 25 mm)
above the work surface?
5. 4+£0.1in (101.6 + 2.5 mm) working calcium chloride solution
siphoned into cylinder?
6. Working solution dated?
Sample Preparation:
1. Original sample split or quartered enough of the to yield approximately 1,000 g,
of representative material passing the No. 4 (4.75-mm) sieve?
2. The approx. 1000 g separated over a No. 4 (4.75-mm) sieve?
3. Material in clods broken up and re-screened?
4. No fines lost?
5. Portion passing the No. 4 (4.75-mm) sieve split or quartered to fill a
3-0z (85-mL) tin measure so it is slightly rounded above the brim?
6. Bottom edge tapped on a hard surface causing consolidation to
allow the maximum amount to be placed in the tin?
7. Tin measure struck off level full with a spatula or straightedge?
8. Sample remixed and steps 3, 4, & 5 repeated for the second determination?
9. Test sample dried to constant mass?

10. Sample cooled to room temperature?

Procedure

11. Prepared sample funneled into cylinder with no loss of fines?

12. Bottom of cylinder tapped sharply on heel of hand several

times to release air bubbles?

13. Wetted sample allowed to stand undisturbed for 10 min. = 1 min.?

T 176 July 2003
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14.
15.

16.
17.

18.

19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

First attempt: Pass [ | Fail []

Signature of Examiner

Cylinder stoppered and material loosened from bottom by shaking?

Properly performed shaking method?

Mechanical Shaker Method

Manual Shaker Method

Following shaking, cylinder set vertical on work surface and stopper removed?

Irrigator tube inserted in cylinder and material rinsed from cylinder walls as
irrigator is lowered?

Irrigator tube forced through material to bottom of cylinder by gently
stabbing and twisting action?

Stabbing and twisting motion applied until cylinder filled to 15 in. mark?
Liquid raised and maintained at 15 in. mark while irrigator is being withdrawn?
No clear solution at top of column?

Contents let stand 20 minutes + 15 seconds?

Timing started immediately after withdrawal of irrigator?

No vibration or disturbance of the sample?

Readings taken at 20 minutes or up to 30 minutes, when a definite line appears?
Weighted foot assembly lowered into cylinder without hitting mouth of cylinder?
Calculations made to 0.1 and reported to the next higher whole number?

SE is based on the average results of two samples?

If the two SE values vary by more than 8 points additional tests run?

All calculations performed correctly?

Comments:

oo dodood O god O

Second attempt: Pass [ | Fail [ ]

1 O Ay I R
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